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ABSTRACT 

A biogas dryer was developed to study experimentally drying behavior of 

Thompson seedless grapes under Alexandria Governorate, Egypt 

conditions. Drying experiments are carried out in the month of August 

2016. During the experimentation, temperatures of air at various places in 

the dryer, ambient relative humidity and humidity variation in drying 

chamber and mass of the dried grape are measured on hourly basis. four 

kg of Thompson seedless grapes are dried in forced convection heat 

transfer mode from initial moisture content of 79% (wb) to final moisture 

content 14% (wb) in 44 hours. The drying was carried out under 

uncontrolled condition. The average drying chamber temperature was 

around 51.98 °C. The biogas burner efficiency was 62.06 %. The effect of 

heating source on color change of the dried grapes was investigated. Color 

data were obtained using a high-resolution digital camera and lighting box 

and the images were analyzed quantitatively using Photoshop to get the L, 

a and b in the Histogram Window. Statistical analysis showed that there 

was a significant effect of heating source on color data of the dried grapes. 

Regardless of the heating source, all raisins had varying degrees of brown 

coloring.  The dried grapes by the biogas dryer had lower browning index 

(BI) of 43.52 indicating good quality. It could be concluded that the 

farmers can use biogas energy to enhance its utilization to produce good 

quality raisins 
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INTRODUCTION 

nergy is a key factor for the growth and development of a country 

(Alemneh, 2011). In order to solve the energy problem for 

villages in rural areas in Egypt, several renewable energy 

technologies have been initiated such as solar energy and biogas 

technology. However, biogas has been proved to be viable and emerged 

as a promising energy technology. It has been one of the most successful 

technologies for the production of clean, environmental friendly, cost 

effective sources of energy and has multiple benefits (Baral et al., 2013). 

Egypt took serious steps to produce biogas to be an energy source. 

However, Egyptian researchers have developed different techniques to 

produce biogas from animal wastes and also from different agricultural 

wastes to be an energy source for farmer houses applications (El- Shimi, 

1994; Rihan, 2013). Moreover, 40% of the amounts of agricultural 

residues and animal wastes which were utilized in biogas production 

could produce energy and the rest percentage is biogas by-products 

(Helmy et al., 2003). 

The biogas is a sustainable and renewable energy source that can provide 

green energy, a better environment and new jobs (Lantz et al., 2007). 

The advantages of biogas as a renewable source of energy are cleanness 

and produce no pollution when burning (Cvetkovic et al., 2014). Biogas 

can be used as vehicle fuel in buses, distribution tracks and passenger cars 

and it is mainly used for heat or combined heat and power (Lantz et al., 

2007). Pastorek et al. (2004) stated that biogas contains 50–75% of 

methane, 25–50% of carbon dioxide and adulterants of minor gas such as 

hydrogen sulphide.  

Grape is one of the most popular and palatable fruits in the world. It has 

about 78 percent water. Meanwhile, raisins (dried grapes) contain only 

about 15 percent water. The raisins could be produced by drying fresh 

grapes, either by direct sun drying, shade drying or hot air drying 

(Pangavhane and Sawhney, 2002). Thompson seedless raisins contain 

approximately 67% to 72% sugars by weight, most of which is fructose and 

glucose. They also contain about 3% protein and 3.5% dietary fiber (Dong 

et al., 2013).  Producing raisins using both biogas and solar energies is a 

E 
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contribution to the high demand on renewable energies for a sustainable 

world (Ramos et al., 2015).  

There are different conditions like drying air temperature, air flow rate, 

dryer design, etc. that have influence on the drying efficiency. However, 

the maximum allowable drying temperature for grapes is 65°C. If this 

limit is exceeded, skin damage may occur, and color of the products get 

darkened (Oztekin et al., 1999).  Pangavhane et al. (1999) dried grapes 

at a drying air temperature of 60°C. Di Matteo et al. (2000) carried out 

drying experiments of seedless white grapes in a convection oven at 

50°C, with an air speed of 0.5 m/s. Sharma et al. (1992) found that the 

temperature rise in the cabinet dryer was 25-30°C over that of the 

ambient. Pangavhane et al. (2002) developed a natural convection solar 

dryer where the average temperature between 50 and 55°C was obtained, 

which was optimum for the grapes drying process. Azzouz et al. (2002) 

mentioned that during the tests of drying grapes, the temperature varied 

from 50 to 70 °C, the air humidity from 10 % to 30% and the velocity of 

drying air from 1.0 to 2.3 m/s.  Doymaz and  Pala (2002) finished the 

drying for seedless grapes when the final moisture content was 20% (on 

dry base)  and Yaldiz et al. (2001) dried grapes from  initial moisture 

content  ranged from 260 to 330 % (on dry base)  to a final moisture 

content of 16% (on dry base). Also, Karathanos and Belessiotis (1999) 

dried grapes of two varieties resulting in either dried Sultanas (golden-

colored raisins) or currants (small black to deep-purple raisins). The 

initial moisture content of these materials was in dry basis: sultana grapes, 

300%; currant grapes, 280%.    

Moy et al. (1985) constructed an S-shaped heat exchanger to allow 

ambient air to be heated by combusting methane. The heated air was 

admitted to the solar dryer whenever solar energy was unavailable. 

Biogas to the ignitor and burner was activated by a thermostat set at 49 °C 

inside the dryer. Total drying times for papaya (6.4 mm thick), banana 

(6.4 mm) and pineapple (10 mm) slices at a loading density of 4.7 plus or 

minus 0.3 kg/m
2
 varied from 11 to 16 hrs in both the solar-only and solar-

biogas dryers. However, drying of solar-biogas was completed in one day 

while the solar-only system required 1.5 to 2 sunny days. The qualities of 

dried fruits in the hybrid system were better than those in the only solar 
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system. Hahn et al. (2011) reported that Calyxes were dried in 4.5 hours 

at 70°C with a hybrid solar biogas system. One kg of biogas was burned 

per kg of dried product. Sona (2015) developed a flat plate solar collector 

with a fan connected and an auxiliary heating unit using biogas for crop 

drying purposes. Corrêia et al. (2016) evaluated the use of thermal 

energy from the burning biogas for heating air and its potential use in a 

drying chamber. The heating system proposed has proved to be effective 

for drying different species of medicinal plants, since it meets the 

temperature range specified in the literature. The objective of this study 

was to test and evaluate the drying of Thompson seedless grapes in thin-

layer using a biogas dryer.   

MATERIALS AND METHODS 

1. Characteristics of seedless grape samples   

In this study, fresh Thompson seedless grapes were brought from the 

local market (Bakous, Alexandria Governorate, Egypt) during the 

summer season of 2016. The grapes were examined to avoid 

contamination by bacteria or fungi. The grapes were cleaned with fresh 

water. They were subjected to physical characteristics measurements: 

berry weight, bulk density and diameter. These measurements and all 

drying experiments were conducted at the Tractors and Farm Machinery 

Testing & Research Station at Sabahia, Alexandria Governorate, Egypt. 

The station lies between latitude 30.76° N and longitude 29.696° E.  

One kg of fresh Thompson Seedless grapes of the selected size was 

subjected to physical characteristics measurements. The physical 

characteristics of the grapes included fruit weight, shape, volume, density 

and diameter.  The particle mass was measured by digital balance. The 

diameter of the grapes was measured using a Vernier Calliper. The 

particle volume was measured using water displacement technique.  The 

particle density was calculated by dividing particle mass over particle 

volume. Table (1) depicts the physical characteristics of the fresh 

Thompson seedless grapes used in the drying experiments. The chemical 

analyses were determined at Food Science and Technology Department, 

Faculty of Agriculture, Alexandria University. The chemical analyses 

included crude fiber, total sugar, total soluble solids (TSS) and citric acid 
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of fresh grapes. Table (1) depicts the chemical characteristics of fresh 

Thompson Seedless grapes used in the drying experiments. For 

determining initial moisture content, four samples of fresh grapes were 

dried in electric oven according to standard methods and the average 

value is shown in Table (1).  

2. Chemical pretreatment 

The fresh seedless grape was washed with pure water to eliminate 

extraneous matter adhering to fruits. The grapes were blanched by 

dipping in a heated solution to about 80 °C which contained 50 ml/liter 

water of 1% sodium hydroxide for 30 s. The blanched grapes were 

immediately washed by immersing in cold water, and then immersed in 

citric acid with 50 ml per 2 liters of water. The grapes were washed with 

tape water to be free of alkaline. The objective of this process was to 

create cracks in the surface of the waxy peel for increasing the drying rate 

(Kassem, 2007). Finally, blowing with air for about 5 minutes was 

achieved to eliminate excess water from the surface. The sulfur powder 

was burned in a sulfuring cabinet (0.11 m
3
) for 4 hours to sulfur the 

grapes, however, (2 g raw sulfur/1kg grapes) was utilized as reported by 

Athanasopoulos   and Thanos (1998), however, Tlay et al. (2014) 

applied this amount in their experiment during grapes drying process. The 

objective of this process is to prevent enzymatic and non-enzymatic 

browning reactions, which are detrimental for color and flavor. 

Table (1). Physical and chemical characteristics of the fresh Thompson 

seedless grapes used in the drying experiments. 

Items Values 

Physical characteristics 

Average mass (g/particle) 2.25 

Average  volume (cm
3
/ particle) 1.37 

Average mass of 20 particles (g) 45 

Average volume of 50 particles (cm
3
) 68 

Average initial moisture content (% wet base) 79 

Chemical characteristics 

Average total sugar (%) 78.5 

Average crude fiber (%) 0.46 

Average citric acid (%) 0.65 

Total soluble solids (°Brix) 21.5 
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All pre-drying treatments were achieved at the evening about 7 pm 

preceding the drying experiment and the treated grapes were stored in 

plastic bags in a refrigerator at 7 °C until the next morning at 8 am (13 

hours). The samples were removed from the refrigerator and kept in the 

room temperature for an hour before drying process. The desired final 

weight of dry grapes was calculated according to Brennand (1994). All 

weighing processes during the drying experiments were completed in less 

than 10 s. 

3. Drying method and procedures 

The drying experiments were carried out indoor between 9 and 17 of 

August 2016 under Alexandria, Egypt. The drying was considered to be a 

forced convection type dryer where the fan was utilized to drive the 

drying air flow through the drying chamber. The photo and schematic 

diagram of the utilized biogas dryer are shown in Fig. (1) and Fig. (2), 

respectively.  

 
Fig. (1). Photo of the biogas dryer 

 
Fig. (2). Schematic of the biogas dryer 
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Thin layer drying experiment was considered in this study and the 

packing density of the drying trays was about 5.2 kg/m
2
. Yaldiz et al. 

(2001) reported that in a solar dryer, the packing density of the drying 

tray was 6.25 kg/m
2
 for thin layer drying experiments of grapes. The air 

velocity was measured by using a portable digital anemometer (EXTECH 

Model) and adjusted to be 1.21 m/s. over the surface of each dring tray  

(Kassem, 2007).  

The drying chamber was divided into four parts and each part carried a 

tray and there were wooden shelves to prevent air passing to each drying 

part. Each drying part had a try holding one kg of the fresh grapes. The 

drying experiment was continued until the grapes achieved a final 

moisture content around 14 % wb (Yaldiz et al., 2001). The experiments 

were continued to about 12 h every day then continued in the next day. 

During each trial, the weight of the grapes on the trays was recorded 

hourly by removing it from the drying chamber for approximately 15–20 

seconds.  

Tdi, Tdc, and Tdo were the temperature distribution in the heating 

locations as shown in Fig. (3). Tdi is the temperature at the inlet of drying 

chamber. Tdc is the temperature inside the drying chambers. Tdo is the 

temperature at the outlet of drying chambers, respectively. Calibrated type 

–K thermocouples were used to measure the temperature.  

 
Fig. (3). Temperature distribution in the biogas dryer 
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The relative humidity of the air inside the drying chamber and 

temperature were measured by a hand held relative humidity device. It is 

a digital hygrometer thermometer dew point (model Control Company, 

made in USA). The utilized biogas was produced locally through the 

digester located at the Tractors and Farm Machinery Testing & Research 

Station at Sabahia, Alexandria Governorate, Egypt (El-Bakhshwan et al., 

2015). The biogas was stored in cylinders at pressure of 15 bar. Each 

compressed cylinder was approximately 0.900 m
3
.  It has a calorific value 

of 25 MJ/m
3
 as methane gas (CH4) of 60 – 70%.  

4. Data analysis 

a. Moisture content calculations 

The moisture content of the dried grapes was determined using the 

following equation (Ghanem, 2002):  
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Where: Mi is initial moisture content of the grapes (decimal, on dry base), 

Mt is The moisture content of the grapes at any time t (decimal, on dry 

base), Wi is initial weight of the grapes (g) and Wi is the weight of the 

grapes at any time t (g). 

b. Raisins quality by color analysis 

In this study, the color of the dried grapes was measured using a simple 

digital imaging method (Yam and Papadakis, 2004). The dried grape was 

put in a white container inside a lighting box and it was illuminated by two 

lighting 26 W fluorescent lamps as light source (lumen = 1250 +/-20%). 

All lamps (13 cm long) were situated 45 cm above the   dried grapes 

sample. A high-resolution digital camera (Canon XUS105, 12.0 Megapixel, 

4 digital zoom) was used. A laptop computer (Acer T6500, 4.0 GB RAM, 

320 GB hard disk) was used to store images. The digital camera was 

located vertically over the background at a distance of 45 cm. The angle 

between the camera lens and the lighting source axis was approximately 

90°. The camera was fixed on the top of the lighting box Fig.( 4) which was 

constructed from white plastic. 

Four dried grapes images were captured and an example of them is 

illustrated in Fig. (5). The images color was analyzed quantitatively using 
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Photoshop (Adobe Systems, 2002). The Histogram Window of 

Photoshop used to determine the color distributions along the x-axis and 

y-axis.  

The Histogram Window displays the statistics (mean, standard deviation, 

median, percentage, and so on) of the color value lightness (L). The 

Histogram Window can also display the statistics for the two other color 

values (a and b), which is done by selecting a and b under the Channel 

drop-down menu 

 

Fig. (4). Lighting box for capture the dried grapes images 

 
Fig. (5). Image of the dried grapes 

The Lightness, a, and b in the Histogram Window are not standard color 

values, where the L*, a* and b*coordinate axis defines the three 
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dimensional CIE color space (Kortei et al., 2015). Thus L, a and b can be 

converted to L*, a* and b* values using the following formulas (Yam 

and Papadakis, 2004): 

010
255

Lightness
L*   ……………………………………………..(2) 

120
255

240
* 

a
a ……………………………………………..(3) 

120
255

240
* 

b
b ……………………..………………………(4) 

The total color change of the dried grapes in comparison to color values 

of fresh grapes having color values of L**, a** and b** was symbolized 

by ΔE. The ΔE parameter is calculated (Mohammadi et al., 2008; 

Saricoban and Yilmaz, 2010; Gorjian et al., 2011) as follows: 

    0.5
222

)(Δ*Δa*ΔLΔE b    ………..………………..(5) 

Where, L* is lightness of dried grapes, L** is lightness   of fresh grapes, 

a* is redness of dried grapes, a** is redness of fresh grapes, b* is 

yellowness of dried grapes and b** is yellowness of fresh grapes. ∆L* 

=Lightness difference= L*- L**, ∆a*= a*- a** and ∆b*= b*- b**. The 

positive values of b* indicate the yellow color, so, the dried grape which 

has high value of b, indicated good quality (Lokhande et al., 2017).  

There is no color standard for dried grapes. Therefore, color properties of 

fresh grapes were accepted as reference values (Aktas et al., 2008). 

The hue angle (H°) as a color parameter, describes the relative amounts of 

redness and yellowness where      0 °/360 ° is defined for red/magenta, 90 

° for yellow, 180 ° for green and 270° for blue color.  A lower hue value 

indicates a redder product (Pedisic et al., 2009). The hue angle could be 

calculated according to the following equations (LópezCamelo and 

Gómez, 2004; Dong et al., 2013): 

Hue angle = H°= tan 
-1

 (b*/a*)……………………........................(6) 

When a* <0,     H°= 180+ tan 
-1

 (b*/a*) ………………………….(7) 

Chroma as a color parameter indicates the purity or saturation of the 

color. It could be calculated according to the following equation 

(LópezCamelo and Gómez, 2004): 

Chroma= (a*
2
 + b*

2
)
0.5

  ……………………………………………(8) 
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Browning index (BI) as a color parameter, represents the purity of brown 

color and is considered as an important parameter associated with 

browning (Mohammadi et al., 2008).The browning index could be 

calculated according to (Dadali et al., 2007) as follows: 
  

17.0

31.0100 


x
BI ………….…………………………….(9) 

Where

 

 
 ***

**

3.012ba5.645L

1.75La
x




    …………………….………(10) 

c. Biogas burner efficiency 

The heat energy gained from combusting of biogas (Emethane) can be 

calculated from the following equation (Mohammed, 2016):  

compvmbiogasmethan
HRVE  …………………..…..…….(12)   

Where, Vbiogas, is the biogas flow rate in m
3
, Rm, is the percentage of 

methane gas in decimal, Hv is the calorific value of methane gas in MJ/m
3
 

and, ηcomp., is the combustion efficiency in decimal. In this study, the 

biogas flow rate was 0.9*4= 3.6 m
3
/h, the percentage of methane gas was 

0.6, the calorific value of methane gas was 25 MJ/m
3
 and the combustion 

efficiency was assumed to be 32.26% (Shrestha, 2001).  

The heat energy for air (Eair) can be calculated from the following 

equation (Mohammed, 2016):  

TCpmE
airairsair

 …………………………………..…….(13)   

Where mair, is the air flow rate in m
3
/s, Cpair, is the specific heat of air 

(1.005 kJ/kg.°K)  and ΔT is difference between ambient air and air 

temperature after hating (Ti-To). The biogas burner efficiency (BBE, %) 

could be calculated as follows: 

100
E

E
BBE

methane

air  ………………………………………………….(14) 

RESULTS AND DISCUSSION 

1. Temperatures and relative humidity distributions 

The temperature distribution versus drying time is shown in Fig. (6) and 

the average temperatures during the experimental work in the biogas 
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dryer are shown in Fig. (7). For Ti, To, Tdi, Tdo and Tdc the average 

values were 20.81, 65.40, 63.89, 50.20 and 51.98°C, respectively . 

 
Fig. (6). Temperature distribution versus drying time. 

 
Fig. (7). Average values of temperature distribution (Ti,To, 

Tdi, Tdc and Tdo). 
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The temperature (Tdi) was less than the temperature (To) by one Celsius. 

This difference is due to heat losses from the transmitting pipe.  Thus 

during the operating of the biogas burning system, the drying air 

temperature was increased above the ambient air temperature due to 

energy gained from the heating system. This increasing in air temperature 

resulting in increasing the drying air temperature inside the drying 

chambers (Tdc) and it was around 51.98 °C as shown in Fig. (7). The 

difference between Tdi and Tdc is approximately 12°C.  This difference 

was due heat used in the grape drying in the chamber. The air was left the 

drying chamber at( Tdo) around 50.20 °C as shown in Fig. (7). There is 

small difference between Tdc and Tdo which is approximately 2 °C.    

The relative humidity of air inside and outside the drying chamber versus 

drying time is shown in Fig. (8) and the average is shown in Fig. (9). It 

was clear that the average air relative humidity inside the drying chamber 

is lower than outside and such result was seen in the drying experiments 

of Yuwana and Sidebang (2016) as who study the performance of the 

hybrid solar-biomass dryer for fish drying and found that the air relative 

humidity inside the drying chamber is lower than outside. Additionally, 

Kaveh et al. (2015) reported that during the drying experiments, relative 

humidity was decreased over time at different locations inside the dryer. 

 

Fig. (8). Air relative humidity inside and outside the drying chamber 

versus drying time. 
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Fig. (9). The air relative humidity related to location 

measurement.   

2. Drying Characteristics  

The initial moisture content of the grapes was appeared as 79 % (on wet 

base) during drying experiments in the biogas dryer. After drying, the 

final moisture contents were reduced to approximately 14% (wet base). 

Fig. (10) shows the experimentally average moisture content of seedless 

grapes versus drying time for treated grapes with sodium hydroxide prior 

to biogas drying method. It was clear that an abruptly drop in the moisture 

content with drying time occurred, thus, the constant rate drying period is 

not existed using the biogas dryer. The drying process took place in the 

falling rate period and the moisture content decreases continuously with 

drying time. These results agree with the observations of Yaldiz et al. 

(2001), Tulasidas et al. (1993) and Pangavhane et al. (1999). The 

treated grapes took less time about 44 hrs. However, dipping in hot water 

or the use of chemicals such as sodium hydroxide increase drying rate 

(Bingol et al., 2008; Shi et al., 2008). 

3. Biogas burner efficiency 

The heat energy gained from combusting of biogas was equal to 3.6 

(m
3
/h)*0.6*25 (MJ/m

3
)*0.3226*1000=17388 kJ/h. In this study, the    air 
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flow rate was 3.14*(4*2.5/100) ^2/4 (m
2
)*1.21 m/s*1.27 

kg/m
3
*3600=34.2 kg/h and ΔT =65-21 =44 °C+273=317 °K , so Eair= 

34.2 (kg/h) *1.005 (kJ/kg.°K)*314.°K=10790.8 KJ/h, thus, 

BBE=10790.8/17388=62.06%, however, Mohammed (2016) obtained 

biogas burner efficiency of 57% in the drying experiments. 

 
Fig. (10). Average experimentally moisture content versus drying 

time for four trays inside the drying chamber.     

4. Raisins color quality 

Table (2) shows the mean values of color parameters (L*,a* and b*), 

Chroma, browning index, hue angle for the fresh and the dried grapes. The 

values of lightness (L*-value), red/green (a*-value) and yellow/blue (b*-

value) were73.73, -14.92 and 43.50, respectively for the fresh grapes as 

shown in Table (4). These findings are in agreement to those reported by 

Dong et al. (2013) for fresh Thompson seedless grapes as their 

parameters values were 73.89, 71.78, and 76.32 for L*,   -17.63,-17.18 

and -18.19 for a* and 40.33, 39.45 and 43.52 for b*. 

In this study, after drying grapes there was a general reduction in 

lightness (L*-values), which was 52.12. However, L* values were 

reduced from 35 to around 16 during hot air drying of the grapes 

(Khazaei et al., 2013). Moreover, Doymaz and Pala (2002) reported the 

L * values were around 18 for final dried grape at different air 
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temperatures.  Additionally, in   sun dried   raisin   samples,   L*   values   

were ranged from 15.94 to 35.91 (mean 27.72) as reported by Şevik et al. 

(2014).  Besides, value of L* (lightness) for dried grapes dipped in olive 

oil and potassium carbonate solution was the highest (23.55) at air 

velocity of 1 m/s and 70°C for drying air temperature (Chayjan et al., 

2011). 

Table (2). Mean of color parameters (L*, a*, b*, ΔE, Chroma, 

browning index and hue angle) of the dried grapes in 

comparison to the fresh grapes. 

Color parameters Fresh grapes  Dried grapes 

L* 73.73 52.12 

a* -14.92 4.89 

b* 43.5 13.98 

total color change (ΔE)  0.00 41.67 

Chroma 45.99 14.82 

Browning index 72.66 43.52 

Hue angle 108.2 70.65 

The red/green (a*-values) increased after drying process and was ranged 

between 4.89 as shown in Table (4) Monsalve-Gonzalez et al. (1993) 

reported an increase in a* values after drying and this was considered to 

be an indicator for browning of the dried samples. Additionally, in sun 

dried raisin samples, a* values were ranged from 7.40 to 13.88 as 

reported by Şevik et al. (2014). 

The yellow/blue (b*-values) decreased and was 13.98 as shown in Table 

(4) For the dried grapes, b* values were ranged from 6.29 to 20.74 as 

reported by Şevik et al. (2014). 

Total color difference, ΔE, is a colorimetric parameter extensively used to 

characterize the variation of colors depending on processing conditions 

(Maskan, 2001). In this study, ΔE values were calculated after the drying 

period. A larger ΔE indicates greater color change from the fresh grapes 

(Saricoban and Yilmaz, 2010). In this study, it was 41.67 as shown in 

Table (4) and this could be due to the absence of water in the capillary 

voids of the dried grapes (Kortei, et al., 2015). This result is in agreement 
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with data of Dong et al. (2013), who reported total color change value for 

the dried grapes to be 50.41, 46.54 and 44.08 based on air temperature.   

The observed value of Chroma at the end of the drying period was 14.82- 

as shown in Table (4); meanwhile, value of Chroma for fresh grapes was 

45.99. There was a general decrease in Chroma values. This result is in 

agreement with data of Dong et al. (2013), who reported Chroma value 

for fresh Thompson seedless grape of 43.62, 43.03 and 47.17 and for the 

dried grapes, these values were 8.56, 7.51 and 17.20 which obtained at air 

temperatures of 30°C, 35°C and 40°C, respectively. According to 

Goncalves et al. (2007), lower Chroma value indicates an increase in 

tonality of the grapes color. Moreover, the Chroma values   were ranged 

for dried grapes from 9.71 - 24.28 as reported by Şevik et al. (2014). 

The observed value of hue angle at the end of the drying period was 70.65 

as shown in Table (4). There was a general decrease in the hue angle 

value after grapes drying. These results are in agreement with data of 

Dong et al. (2013). They reported the hue angle value for fresh 

Thompson seedless grape of 112.41, 113.53 and 112.68 °and for the dried 

grapes of 58.67, 93.9 and 54.08°.  The hue angle range in the dried grapes 

in this study was within the 90° region which suggests an apparent 

reddish yellow color (Pedisic et al., 2009). Additionally, in sun dried 

raisin samples hue angle values ranged from 39.62 to 69.72 (mean 51.58) 

as reported by Şevik et al. (2014). In this study, the hue angle value was 

found to be high for biogas dried samples compared to other grapes dried 

by other methods. 

The browning index was used to describe quantitatively the color 

variation of the raisin produced by the biogas dryer (Wang et al., 2017). 

In this study, the browning index was 43.52 as presented in Table (2) . 

However, Wang et al. (2017) obtained values of browning index of 

70.35, 66.49, 54.66, 46.76, 33.50 and 30.48 of the dried Thomson 

seedless based on berry ripeness. 

CONCLUSION 

A biogas dryer was designed, fabricated and tested. Drying kinetics of 

Thompson seedless grapes is evaluated experimentally. Thompson seedless 

grapes were dried in forced convection heat transfer mode from initial 

moisture content of 79% (wb) to final moisture content 14% (wb) in 44 
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hours. The drying experiments were carried out under uncontrolled 

conditions of environment. The biogas burner efficiency was found to be 

62.06 %.  
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 الولخص العشبً

خصائص التجفٍف للعٌب البٌاتً صٌف طىهسىى الخالً هي البزوس فً طبقت 

 سقٍقت باستخذام هجفف الغاص الحٍىي  

هؤهي فشحاث صاٌذ
1 

 ،
 

شلبى قاسن سوٍشة
1
هٌذ عبذ القادس عىض ، 

2،3
 ، 

إبشاهٍن ًصاس ًصاس
4
أبىكٍله فاسوق وعواد 

5
  

رطىَش يدفف َعًم ثبنغبص انحُىٌ نذساعخ خصبئص انزدفُف  نهعُت انجُبرٍ صُف طىيغىٌ  رى

. خزدشَجُانانخبنٍ يٍ انجزوس فٍ طجقخ سقُقخ رحذ ظشوف يحبفظخ الإعكُذسَخ، يصش يٍ انُبحُخ 

. وأثُبء انزدشثخ، قُغذ دسخبد حشاسح 6102أخشَذ ردبسة انزدفُف فٍ شهش أغغطظ عبو 

خزهفخ وانشطىثخ انُغجُخ داخم وخبسج انًدفف، ووصٌ انعُت انًدفف عهً كم انهىاء فٍ أيبكٍ ي

عهً أعبط  97كدى يٍ انعُت يٍ يحزىي سطىثٍ أونٍ حىانٍ % 4عبعخ. رى ردفُف حىانٍ  

عبعخ. وكبٌ انزدفُف  44% عهً أعبط سطت فٍ 04سطت نًحزىي سطىثٍ َهبئٍ حىانٍ 

دسخخ انحشاسح داخم غشفخ انًدفف حىانٍ  وخذ أٌ يزىعطورحذ انظشوف غُش انًزحكى فُهب. 

ثش طشَقخ أيع يعشفخ  .%26.12 كفبءح يىقذ انغبص انحُىٌ حىانٍ ذدسخخ يئىَخ. وكبَ 80.75

انزدفُف عهً رغُُش انهىٌ  نهضثُت  انُبرح . رى انحصىل عهً ثُبَبد انهىٌ ثبعزخذاو كبيُشا سقًُخ 

ثشَبيح فىرىشىة نهحصىل عهً    Photoshop راد دقخ عبنُخ، وحههذ انصىس كًُبً ثبعزخذاو

 .  Browning Index ويُهب حغبة يزغُشاد انهىٌ يثم دنُم انجُُخ a, b, L دلائم الأنىاٌ

 
1

 باحج، هعهذ بحىث الهٌذست الضساعٍت، هشكض البحىث الضساعٍت، الذقً، جٍضة، ج.م.ع
2

 لٍبٍاقسن الهٌذست الضساعٍت، كلٍت الضساعت، جاهعت عوش الوختاس، البٍضاء، 
3

 طالبت دساساث علٍا ، قسن الوىاسد الطبٍعٍت والهٌذست الضساعٍت، كلٍت الضساعت، جاهعت دهٌهىس، ج.م.ع
4 

أستار ،
 

 قسن الوىاسد الطبٍعٍت والهٌذست الضساعٍت، كلٍت الضساعت، جاهعت دهٌهىس، ج.م.ع
5 

أستار هساعذ،
 

 هعت دهٌهىس، ج.م.عقسن الوىاسد الطبٍعٍت والهٌذست الضساعٍت، كلٍت الضساعت، جا
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وأظهش انزحهُم الإحصبئٍ أٌ هُبك رأثُش يعُىٌ نطشَقخ انزدفُف عهً دلائم انهىٌ نهعُت 

انًدفف، وثغض انُظش عٍ يصذس رغخٍُ انهىاء ، كبٌ انضثُت  انُبرح ثًُ انهىٌ ثذسخبد 

وانزٌ  42.86يزفبورخ. وثُُذ انُزبئح أٌ انعُت انًدفف ثبنغبص انحُىٌ كبَذ قًُخ دنُم انجُُخ  نه 

ويٍ انُزبئح  َذل عهٍ اندىدحيًب وكبَذ أقم يٍ طشق انزدفُف الأخشٌ رغُش انهىٌَذل عهً 

ولإَزبج  أخشي يدففبد نًُزدبد صساعُخ ردهُضًَكٍ أٌ َغزفُذ انًضاسعىٌ يٍ انغبص انحُىٌ فٍ 

 .صثُت راد َىعُخ خُذح 

 

 


